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PROPOSED  OSHA  OCCUPATIONAL 
NOISE  EXPOSURE  REGULATION 

Request  for  Review  and  Report 

I.  Summary 

On  October  24,  1974,  the  Occupational 
Safety  and  Health  Administration 
(OSHA)  of  the  Department  of  Labor, 
published  proposed  requirements  and 
procedures  respecting  occupational  noise 
exposures,  39  PR  37773.  The  Administra¬ 
tor  of  the  Environmental  Protection 
Agency  (EPA)  believes  that  the  proposed 
regulation  does  not  protect  the  public 
health  and  welfare  to  the  extent  required 
and  feasible.  Accordingly,  under  the  au¬ 
thority  of  section  4(c)(2)  of  the  Noise 
Control  Act  of  1972,  Pub.  L.  92-574  sec¬ 
tion  4(c)  (2),  86  Stat.  1236,  42  USC  4903 
(c)  (2) ,  the  Administrator  of  EPA  hereby 
requests  that  the  Secretary  of  Labor  re¬ 
view  the  proposed  occupational  noise  ex¬ 
posure  regulation  and  report  to  the  Ad¬ 
ministrator  of  EPA  on  the  advisability 
of  revising  such  regulation  to  provide  the 
required  protection  of  the  public  health 
and  welfare.  Such  report  shall  be  for¬ 
warded  to  the  Administrator  of  EPA  90 
days  from  the  date  of  this  notice,  and, 
as  required  by  section  4(c)(2)  of  the 
Noise  Control  Act,  shall  be  published  in 
the  Federal  Register,  accompanied  by 
a  detailed  statement  of  the  findings  and 
conclusions  of  the  Secretary  of  Labor 
respecting  the  revision  of  the  regulation. 

As  presently  proposed,  the  allowable 
level  for  an  eight-hour  workday  expo¬ 
sure,  90  dBA,  is  too  high.  The  Adminis¬ 
trator  believes  that  the  eight-hour  level 
should  be  set  at  85  dBA,  to  become  effec¬ 
tive  within  three  years,  with  a  commit¬ 
ment  to  reduce  to  lower  levels  at  a  later 
date  when  such  a  reduction  is  shown  to 
be  feasible.  Further,  the  OSHA  formula 
for  exposure  of  other  than  eight  hours 
in  length  (the  time-intensity  tradeoff), 
allows  an  Increase  of  5  dB  for  each  halv¬ 
ing  of  exposure  time.  The  Administrator 
recommends  a  3-dB  time-intensity 
tradeoff  as  necessary  for  protection  of 
public  health  and  welfare. 

The  development  of  an  acceptable  oc¬ 
cupational  noise  exposure  standard  re¬ 
quires  the  resolution  of  three  major  is¬ 
sues:  First,  the  requirements  of  public 
health  and  welfare;  next,  whether  the 
technology  exists  to  implement  the 
standard  necessary  to  protect  health  and 
welfare;  and  third,  whether  the  costs  of 
implementing  such  a  standard  are  jus¬ 
tified  by  the  need. 

EPA  believes  that  there  is  sufficient 
information  available  to  address  each  of 
these  issues.  OSHA  states,  however,  that 
the  90-dBA  standard  should  remain  in 
effect  “until  further  empirical  data  and 
information  on  the  health  risk,  feasi¬ 
bility,  and  economic  impact  indicate  the 
practicability  and  necessity  of  an  85-dBA 
requirement”  (39  FR  37773).  The  cur¬ 
rent  standard  should  not  be  extended  on 
this  basis. 


EPA  has  provided  OSHA  with  sufficient 
data  to  support  the  necessity  for  reduc¬ 
ing  the  standard  to  85  dBA,  or  lower. 
EPA  has  recently  published  a  large 
amount  of  information  on  the  effects  of 
noise,1"*  culminating  in  a  document  en¬ 
titled,  Information  on  Levels  of  Environ - 
mental  Noise  Requisite  to  Protect  the 
Public  Health  and  Welfare  with  an  Ade¬ 
quate  Margin  of  Safety 6  (March,  1974), 
that  was  required  by  the  Noise  Control . 
Act  of  1972.  This  document  was  subjected 
to  an  exhaustive  review  both  by  the 
scientific  community  and  by  other  Fed¬ 
eral  agencies.  The  specified  levels  and  the 
methodology  used  to  identify  them  have 
been  endorsed  by  a  subcommittee  of  the 
Committee  on  Hearing,  Bioacoustics  and 
Biomechanics  (CHAPA) ,  of  the  National 
Academy  of  Sciences — National  Research 
Council.  EPA  does  not  believe  the  health 
justification  for  a  lower  occupational 
noise  level  requires  further  study.  EPA’s 
criteria  support  a  level  of  75  dBA  for  an 
ultimate  health  goal; '  EPA  believes  that 
reduction  to  85  dBA  is  an  important  step 
toward  this  goal . 

The  National  Institute  of  Occupa¬ 
tional  Safety  and  Health  (NIOSH), 
under  the  authority  of  sections  20(a)  (3) 
and  22(c)  (2)  of  the  Occupational  Safety 
and  Health  Act,  Pub.  L.  91-596,  42 
USC  669(a)(3),  671(c)(2)  (1970),  de¬ 
veloped  and  provided  criteria  to  OSHA 
for  a  recommended  standard,  Occupa¬ 
tional  Exposure  to  Noise.*  These  criteria 
clearly  stated  the  need  for  reducing  the 
eight-hour  exposure  level  to  85  dBA  and 
the  accompanying  data  and  background 
material  support  that  conclusion.* 

In  the  preamble  to  the  proposed  stand¬ 
ard,  OSHA  states  that  NIOSH  “reluc¬ 
tantly  concurs”  with  the  90-dBA  level  at 
the  present  time.  The  entire  text  of  this 
NIOSH  statement  is  as  follows: 

Currently  NIOSH  reluctantly  concurs  with 
the  generally  acceptable  00  dBA  occupational 
exposure  level  for  an  3-hour  day.  The  need 
for  reducing  this  8-hour  exposure  level  to  86 
dBA,  as  supported  by  the  material  contained 
in  this  document  is  also  recognized.  It  is 
recommended  that  the  85-dBA,  8-hour  ex¬ 
posure  level  be  applicable  to  all  newly  de¬ 
signed  occupational  exposure  environments 
after  6  months  from  the  effective  date  of  this 
standard.  However,  due  to  the  unavailability 
of  sufficient  data  relating  to  the  technologi¬ 
cal  feasibility  of  meeting  the  85-dBA  level, 
NIOSH  is  unable  to  recommended  a  spe¬ 
cific  time  period  after  which  the  85  dBA, 
8  hour  occupational  exposure  level  might  be¬ 
come  effective  for  all  occupational  noise  en¬ 
vironments.  [Occupational  Exposure  to 
Noise,  p.  H-8.) 

This  Inability  to  comment  on  techno¬ 
logical  feasibility  is  not  surprising  in  view 
of  the  fact  that  NIOSH’s  responsibility, 
as  articulated  in  section  20(a)  (3)  of  the 
Occupational  Safety  and  Health  Act,  is 
to  evaluate  and  recommend  safe  levels  of 
exposure  without  regard  to  economics 
or  technological  feasibility. 

As  to  technological  feasibility,  the  De¬ 
partment  of  Labor  contracted  for  an  in¬ 
dependent  study  on  the  feasibility  of  im¬ 
plementing  both  90-  and  85-dBA  stand¬ 
ards,  and  the  results  of  that  study  were 
published  on  January  1, 1974.*  The  study 
concluded  that  compliance  with  an  85- 


dBA  standard  can  be  achieved  using  cur¬ 
rently  existing  technology  and  that  the 
noise  control  industry  is  capable  of  re¬ 
sponding  adequately  to  the  increase  in 
•demand.*  This  study  also  explored  the 
relative  costs  to  industry  of  complying 
with  the  current  90-dBA  level  and  an 
85-dBA  level  over  three-  and  five-year 
compliance  periods.  EPA  believes  that 
the  resulting  cost  estimates  are  inflated 
and  do  not  reflect  the  various  economic 
alternatives  to  the  industry-wide, 
threshold  limit  approach  to  the  setting 
of  standards. 

EPA,  charged,  under  section  4(c)  (1) 
of  the  Noise  Control  Act,  with  the  role  of 
coordinating  Federal  noise  control  ef¬ 
forts,  has  worked  with  OSHA  staff  mem¬ 
bers  during  the  development  of  the  pro¬ 
posed  regulation.  An  EPA  representative 
served  as  non-voting  liaison  member  to 
OSHA’s  Standards  Advisory  Committee 
on  Noise.  OSHA’s  proposed  standard  and 
draft  Environmental  Impact  Statement 
were  reviewed  extensively  by  EPA  staff,* 
resulting  in  suggestions  for  substantial 
changes  and  improvements  to  the  stand¬ 
ard  and  EIS. 

The  most  significant  recommenda¬ 
tions  involved  reduction  to  85  dBA  within 
a  3-year  period  and  adoption  of  the  3- 
dB  time-intensity  tradeoff.  EPA  also 
recommended  a  more  conservative 
standard  for  Impulse  noise  so  that  the 
maximum  level  would  be  decreased  by 
10  dB  for  each  ten  fold  Increase  in  the 
number  of  impulses.  Another  recom¬ 
mendation  was  that  the  definition  of  sig¬ 
nificant  threshold  shift  be  Improved  so 
that  shifts  of  more  than  10  dB  at  any 
test  frequency  would  be  considered  sig¬ 
nificant.  All  of  EPA’s  suggested  improve¬ 
ments,  with  the  exception  of  the  impulse 
standard,  have  been  rejected  without 
adequate  explanation. 

EPA  has  also  made  several  suggestions 
aimed  at  ameliorating  the  cost  impact 
of  a  more  protective  standard.  These 
suggestions  include  the  alternatives  of 
industry-by-industry  standards,  incre¬ 
mental  reductions  over  time,  a  stringent 
standard  with  variance  provisions,  and 
lower  levels  for  new  plants.  These,  too, 
have  been  rejected  without  explanation. 
None  of  these  recommendations  are  dis¬ 
cussed  in  the  preamble  to  OSHA’s  pro¬ 
posal.  For  these  reasons,  EPA  is  resort¬ 
ing  to  the  procedures  of  section  4(c)  (2) 
of  the  Noise  Control  Act  in  asking  for  a 
review  of  the  proposed  standard.  The  Act 
requires  that  the  Department  of  Labor 
complete  the  requested  review  and  re¬ 
port  its  findings  and  conclusions  to  the 
Administrator. 

n.  Health  and  Welfare  Effects 

A.  NOISE  EXPOSURE  LEVEL 

OSHA’s  Proposed  Time-Weighted  Level:  90 

dBA 

EPA’s  Recommendation:  Within  Three  years: 

85  dBA 

Later  Date:  80  dBA 

Supporting  information.  EPA  has  re¬ 
viewed  OSHA’s  proposed  standard  for 
occupational  exposure  to  noise  and  in 
view  of  the  best  available  data,  has  de¬ 
termined  that  the  90-dBA  time  weighted 


FEDERAL  REGISTER,  VOL.  39,  NO.  244— WEDNESDAY,  DECEMBER  18,  1974 


NOTICES 


43803 


level  for  an  8-hour  day  does  not  ade¬ 
quately  protect  public  health  and  wel¬ 
fare.  EPA  has  Identified  a  level  of  ap¬ 
proximately  20  decibels  below  OSHA’s 
proposed  90  dBA  as  the  safe  level  for 
protection  against  bearing  toss,  L*„  & 
yearly  equivalent  sound  level  of  70  dBA 
averaged  over  a  24-hour  period  (Leq(24) 
70).®  The  70  dBA  level  would  be  com¬ 
patible  with  an  8-hour  exposure  level  of 
75  dBA,  so  long  as  the  exposure  level  over 
the  remaining  16  hours  is  sufficiently  low 
to  result  In  a  negligible  contribution  to 
the  24-hour  average,  Le.,  no  greater 
than  an  equivalent  sound  level  of  60 
dBA.  EPA’s  criterion  for  the  identified 
level  is  that  it  should  produce  no  more 
than  a  5-dB  hearing  loss  at  the  4000-Hz 
frequency  over  a  period  of  40  years  in  vir¬ 
tually  the  entire  population.  Although 
the  Identified  safe  level  is  not  a  standard, 
it  provides  a  basis  for  judgment  in  the 
setting  of  standards,  m  that  sense,  it 
should  be  considered  a  long-range  public 
health  goal. 

The  data  on  which  EPA’s  criteria  and 
recommended  levels  are  based  have  been 
drawn  from  three  significant  bodies  of 
data,  those  of  Baughn/  Passchier-Ver- 
meer,10  and  Robinson.11  EPA’s  conclusions 
are  drawn  from  the  averaged  data  of 
more  than  10,000  subjects  from  the  12 
studies  reported  by  the  above  researchers. 
EPA  believes  these  data  represent  the 
best  available  evidence  on  the  effects  of 
noise  on  hearing.  As  win  be  shown  below, 
regardless  of  the  criteria  used  to  predict 
the  effects  of  noise  on  the  hearing  of 
exposed  workers,  8-hour  noise  levels  of 
90  dBA  represent  an  unacceptable  health 
hazard. 

1.  Noise  induced  permanent  threshold, 
shift  ( NIPTS ) .  EPA  believes  that  OSHA’s 
analysis,  based  upon  hearing  risk  for 
the  averaged  frequencies  of  500  Hz,  1000 
Hz  and  2000  Hz,  is  inadequate,  because 
it  fails  to  account  for  hearing  loss  in  the 
critical  frequencies  above  2000  Hz,  which 
are  the  soonest  and  most  severely  affected 
by  exposure  to  noise.  To  account  for  those 
factors,  EPA  has  analyzed  hearing  loss  in 
terms  of  noise  induced  permanent  thres¬ 
hold  shift  (NIPTS)  ,*-*•  *  and  has  exam¬ 
ined  hearing  loss  at  individual  frequen¬ 
cies  and  various  combinations  of  frequen¬ 
cies/  giving  special  emphasis  to  the 
changes  in  response  to  higher  frequen¬ 
cies.  It  should  be  borne  in  mind  that  for 
each  10  dB  of  hearing  loss,  sound  energy 
will  have  to  be  increased  by  a  factor  of 
10  in  order  for  a  particular  sound  to  be 
heard. 

The  most  important  use  of  the  hearing 
mechanism  In  today’s  society  Is  lor  hear¬ 
ing  and  understanding  speech.  The  kind 
of  hearing  loss  that  results  from  noise 
exposure  impairs  this  ability  to  com¬ 
municate.  This  Impairment  is  usually  a 
gradual  occurrence.  Individuals  who  have 
begun  to  suffer  such  a  loss  will  often 
notice  that  ordinary  speech  Is  just  as 
loud,  but  not  as  distinct  as  previously. 
This  phenomenon  occurs  with  reduction 
See  footnotes  at  end  of  document. 


of  high  frequency  hearing  since  a  consid¬ 
erable  portion  of  the  sound  energy  of 
consonants  lies  In  the  high  frequency 
range,  unfortunately  for  hearing-im¬ 
paired  individuals,  the  energy  in  conso¬ 
nants  Is  smaller  in  magnitude  as  wen  os 
higher  in  frequency  than  it  is  for  vowels, 
and  it  Is  consonants  much  more  than 
vowels  that  give  intelligibility  to  English 
speech.*-  ”  As  noise-induced  hearing  less 
increases,  speech  communication  becomes 
progressively  more  difficult  for  the  hear¬ 
ing-impaired  listener. 

OSHA’s  analysis  is  based  upon  studies 
which  have  shown  that  in  order  to  under¬ 
stand  undistorted  speech  in  quiet  con¬ 
ditions  (sound-proofed  rooms),  509  Ha, 
1000  Hz  and  2000  Hz  are  the  most  impor¬ 
tant  audiometric  frequencies.14- 15  How¬ 
ever,  undistorted  speech  in  quiet  sur¬ 
roundings  is  not  characteristic  of  the 
typical  conditions  in  which  speech  must 
be  understood.  NIOSH 7  cites  modern  re¬ 
search  as  showing  that  “*  *  *  everyday 
communication  is  placed  under  a  wide 
variety  of  environmental  stresses.  Esti¬ 
mates  of  the  amount  of  time  that  speech 
is  distorted  range  from  a  conservative 
figure  of  56  percent  “  up  to  about  100  per¬ 
cent.”  17  It  is  obvious  that  everyday  com¬ 
munication  does  not  usually  take  place 
in  sound-proofed  booths. 

It  has  been  demonstrated  that  in  order 
to  understand  speech  in  less  than  optimal 
conditions  good  hearing  in  the  frequen¬ 
cies  above  2000  Hz  is  very  important.  As 
far  back  as  1947,  French  and  Steinburg 18 
showed  in  a  classic  study  that  the  fre¬ 
quencies  above  1900  Ha  are  as  important 
as  those  below  1900  Ha  for  determining 
the  intelligibility  of  speech.  There  have 
been  numerous  other  significant  studies 
on  the  understanding  of  speech  under 
various  conditions  of  noise  and  distortion 
which  are  typical  of  environmental  situa¬ 
tions, which  point  to  the  importance 
of  preserving  hearing  above  3060  Hz. 
While  these  studies  do  not  minimize  the 
importance  of  good  hearing  in  the  mid- 
frequencies,  they  emphasize  the  previ¬ 
ously  underrated  need  for  perception  of 
frequencies  in  the  range  of  3009  Hz  and 
4000  Hz.  Thus,  while  examining  the  ef¬ 
fects  of  noise  on  hearing  it  is  important 
to  assess  the  effects  on  perception  of  the 
high  frequencies  as  well  as  the  mid-fre¬ 
quency  range. 

Figures  1  and  2  show  the  effects  of 
noise  on  human  response  to  various  au¬ 
diometric  frequencies  as  a  function  of 
exposure  level.  Figure  1  shows  the  median 
NIPTS  for  ten  years  as  a  function  of  ex¬ 
posure  level,  according  to  Passchier- Ver¬ 
meer.4*  *  Figure  2  shows  these  effects  for 
an  exposure  of  forty  years."  It  can  be 
seen  that  while  damage  to  hearing  at  the 
4000-Hz  frequency  occurs  mostly  during 
the  first  10  years,  other  critical  frequen¬ 
cies,  such  as  2000  Hz  and  3000  Hz  con¬ 
tinue  to  be  affected  as  exposure  is  pro¬ 
longed.  It  is  also  noteworthy  that  the 
Important  2000  Hz  frequency  is  consid¬ 
erably  more  affected  by  an  exposure  level 
of  90  dBA  than  by  a  level  of  85  dBA. 


Figure  I.  Median  Noise-Induced  Permanent 
Threshold  Shift  In  dB  as  a  Function  of  Ex¬ 
posure  Level  8  hours  a  day  for  a  period  of  10 
years.10 


Figure  2.  Median  Noise-Induced  Permanent 
Threshold  Shift  In.  dB  as  a  Function  of  Noise 
Exposure  Level  8  hours  per  day  for  a  Period 
of  40  Tears."’ 

Since  there  appears  to  be  considerable 
variation  in  individual  susceptibility  to 
NIPTS,  It  is  important  to  examine  the 
effects  of  noise  on  the  more  affected  por¬ 
tion  of  the  population  by  looking  at  the 
higher  percentiles.  Using  data  from  Pass- 
chier-Vermeer  *•  "  and  Robinson  *•  u  EPA 
calculated  amounts  of  NIPTS  incurred 
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after  numbers  of  years  for  various  per¬ 
centiles.  Baughn’s  data  were  not  included 
in  the  calculations  since  discrete  NIPTS 
values  for  1000  Hz,  2000  Hz  and  3000  Hz 
were  not  readily  available.  Shown  In 
Table  1  are  NIPTS  for  the  50th  and  90th 
percentiles  for  the  frequencies  1000  Hz, 
2000  Hz,  3000  Hz  and  4000  Hz  after  10 
and  40  years  of  exposure  as  a  function 
of  exposure  level.  Note  that  at  an  ex¬ 
posure  level  of  80  dBA  the  median  NIPTS 
Is  less  than  a  decibel  for  the  mid-fre¬ 
quencies,  and  only  reaches  5  dB  in  the 
high  frequencies  after  40  years  of  ex¬ 


posure.  Although  more  hearing  loss  Is  in¬ 
curred  by  the  10  percent  most  susceptible 
(the  90th  percentile),  losses  due  to  80 
dBA  can  still  be  considered  slight.  An 
exposure  level  of  85  dBA  produces  nearly 
twice  as  much  NIPTS  as  the  80  dBA  level 
and  likewise  the  NIPTS  for  most  fre¬ 
quencies  doubles  between  85  dBA  and  90 
dBA  for  both  groups.  Although  the  in¬ 
crease  of  NIPTS  at  4000  Hz  appears  to 
level  off  somewhat  between  85  dBA  and 
90  dBA,  there  is  significant  increase  in 
NIPTS  at  2000  Hz.  This  value  more  than 
doubles  between  the  exposure  levels  of 
85  dBA  and  90  dBA. . 


Tabu  I.t— . Now-induced  permanent  thrcihold  shift  ( NIPTS)  fci  dtcibeU  at  a  function  ofnoite  exposure  level  for  the  60th 

and  90th  percentiles 


[In  decibels] 


Exposure  level 

Yftftrs  — 

Audiometric  frequency 

1000  Hi 

2000  Hi 

8000  Hi 

4000  Hi 

(a)  50th  percentile 

80  dBA _ _ _ _ 

10 

0.2 

as 

3.0 

4.8 

40 

0.55 

1.1 

4.8 

6.8 

85  dBA . 

10 

0.4 

1.1 

6.0 

8.0 

40 

0.9 

2.6 

8.7 

10.4 

00  dBA . 

10 

0.8 

3.0 

ltt7 

13.4 

40 

L7 

&2 

10.0 

17.2 

(b)  90th  percentile 

80  dBA . . . 

10 

0.8 

L8 

4.0 

10.2 

40 

1.3 

2.75 

7.8 

13.4 

85  dBA.. . - . . ...... 

10 

1.1 

3.7 

8.8 

14.7 

40 

2.3 

0.7 

13.4 

19.2 

90  dBA . . . 

10 

2.1 

7.8 

17.5 

21.2 

40 

4.2 

14.9 

24.8 

20.0 

>  Averaged  data  of  PasscMer-Vermeer  ••  and  Robinson." 


It  is  Important  to  remember  that  values 
of  NIPTS  are  not  synonomous  with  hear¬ 
ing  threshold  levels.  As  age  increases, 
hearing  loss  from  the  natural  aging  proc¬ 
ess  or  “presbycusis’*  will  contribute  to 
the  total  amount  of  hearing  loss.  Since 
presbycusis  and  NIPTS  are  generally 
considered  additive,*-*  it  is  helpful  to 
consider  the  summed  contribution  of 
noise  and  aging  for  the  average,  and  for 
the  more  affected  elements  of  the  popu¬ 
lation.  These  figures  will  more  realisti¬ 
cally  reflect  the  effect  of  noise  on  an 
exposed  population.  Table  n  shows  the 
amounts  of  NIPTS  described  in  Table  I 
after  the  presbycusis  values  have  been 
added. 

Here  it  can  be  seen  that  the  combined 
effect  of  noise  and  aging  will  produce 
considerably  more  hearing  loss  than 
would  occur  from  noise  exposure  alone. 
In  particular,  exposure  to  a  level  of  90 
dBA,  when  seen  in  combination  with  the 
aging  process,  results  in  substantial 
losses  for  average  workers  while  affect¬ 
ing  the  90th  percentile  even  more 
severely. 

See  footnotes  at  end  of  document. 


In  order  to  judge  the  magnitude  of  this 
effect,  these  exposure  levels  and  the  re¬ 
sulting  NIPTS  can  be  related  to  num¬ 
bers  of  noise  exposed  workers.  OSHA’s 
contractor.  Bolt,  Beranek  and  Newman 
(BBN) ,  has  estimated  the  percentage  of 
production  workers  currently  exposed  to 
various  levels  of  noise,  and  the  percent¬ 
age  that  would  be  exposed  to  those  levels 
if  maximum  compliance  with  the  present 
90-dBA  standard  or  a  future  85  dBA 
standard  were  achieved,  Impact  of  Noise 
Control  at  the  Workplace,*  1974,  pp.  13  & 
28.  (See  Tables  HI  and  IV  in  text.)  BBN 
defines  maximum  compliance  as  that 
which  would  be  achieved  with  the  full 
use  of  presently  available  technology. 
BBN  estimates  that  unless  new  technol¬ 
ogy  is  developed  approximately  8  percent 
of  the  workforce  would  continue  to  be 
exposed  to  noise  levels  above  the  required 
limit,  whether  that  limit  is  90  dBA  or  85 
dBA.  According  to  BBN  approximately  14 
million  workers  are  currently  employed 
in  American  production  Industries.  The 
number  of  noise  exposed  workers  based 
on  this  figure  have  been  entered  in  Tables 
m  and  IV. 
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Table  II.— Hearing  thresho Id  level  in  decibel*  1  at  a  function  of  noise  exposure  and  presbycusis 
[In  decibels] 


Audlometrlc  frequency 


Exposure  level 

Age 

1000  Hs 

2000  Hz 

3000  Hi 

4000  Hi 

(a)  60th  percentile 

Nonnoise  exposed.  . 

30 

1.0 

0.8 

1.8 

3.3 

60 

6.8 

11.3 

18.0 

24.0 

80dBA..r.:;^=.™ . - . 

30 

1.2 

1.3 

4.8 

7.6 

60 

7.9 

12.4 

22.8 

29.8 

85  - : . 

30 

1.8 

1.9 

7.4 

11.3 

60 

8.6 

13.8 

26.7 

34.4 

90  dBA...r.n^..«.;~...... . 

30 

2.6 

3.8 

12.5 

16.7 

60 

10.2 

19.5 

34.0 

41.2 

(b) 

90th  percentile 

Nonnoise  exposed... . . . . 

30 

8.8 

7.6 

13.6 

16.1 

60 

14.6 

18.1 

29.8 

36.8 

80  4BA...;.r^r..v..... _ : . . 

30 

9.4 

8.9 

18.2 

26.3 

60 

15.9 

20.9 

37.6 

50.2 

86  dBA...^..-. - . 

30 

9.9 

11.3 

21.9 

30.8 

60 

16.9 

24.8 

43.2 

56.0 

90  . 

30 

10.9 

15.4 

31.1 

37.3 

60 

18.8 

33.0 

54.8 

63.4 

1  Avenged  Date  of  Pasachler-V ermeer  '•  and  Robinson.11  Presbycusis  data  previously  subtracted  by  these  authors 

have  been  added  back. 

*  Re  audlometrlc  zero  (ANSI  8  8.6, 1969). 

Table  III.— Estimates  of  shift  <a  distribution  of  worker  exposure  due  to  maximum  compliance  to  90  dBA  (according  to 
BoK,  Beranek,  and  Neuman,  19 H) 


Exposure  level  (dBA) 


Production  workers  Those  exposed  after 

currently  exposed  maximum  compliance 

to  90  dBA 


Percent  Approximate  Percent  Approximate 

production  number  of  production  number  of 
workforce  workers  workforce  workers 


80  to  84  . 

86  to  89 _ ; 

90  to  94. 

96  to  99. 

100  to  104 _ ..; 

106  to  109... ..... 

110  to  114. 

More  than  116.. 


30 

4,200,000 

30 

4,200,000 

40 

6,600,000 

62 

8,680,000 

15 

2,100,000 

4 

560,000 

7 

980,000 

2 

280,000 

140,000 

4 

560,000 

1 

2 

280,000 

1 

140,000 

2 

280,000 

-  0 

1 

140,000 

0 

Table  IV.— Shift  In  distribution  of  worker  exposure  due  to  maximum  compliance  to  96  dBA  (according  to  Bolt, 

Beranek,  and  Newman,  1976 ) 


Exposure  level  (dBA) 


Production  workers  Those  exposed  after 

currently  exposed  maximum  compliance 

to  85  dBA 


Percent  Approximate  Percent  Approximate 

production  number  of  production  number  of 
workforce  workers  workforce  workers 


80  to  84 . 

86  to  89 . 

90  to  94 . 

96  to  99 . 

100  to  104 . 

106  to  109 . 

110  to  114 . 

More  than  116. 


It  can  be  seen  that  requiring  compli¬ 
ance  at  either  the  90  dBA  or  the  85  dBA 
level  would  be  beneficial.  However,  the 
difference  between  compliance  at  90  dBA 
and  at  85  dBA  as  can  be  seen  by  compar¬ 
ing  Table  in  and  IV  is  particularly  dra¬ 
matic.  Should  compliance  at  85  dBA  be 
achieved,  the  numbers  of  noise  exposed 
workers  in  the  85-89  dBA  group  would  be 
reduced  from  8,680,000  to  only  560,000. 
Thus,  approximately  8,120,000  workers 
would  be  prevented  from  suffering  the 
amount  of  NIPTS  resulting  from  ex¬ 
posures  of  85  dBA  to  90  dBA  shown  in 
Table  I.  In  addition,  the  numbers  of 
workers  exposed  to  the  more  damaging 
noise  levels  between  90  dBA  and  110  dBA 
would  be  reduced  from  approximately 
1,120,000  to  560,000.  Although  some 


30 

4,200,000 

92 

12,880,000 

40 

5,600,000 

4 

560,000 

15 

2,100,000 

2 

280,000 

7 

980,000 

1 

140,000 

4 

560,000 

1 

140,000 

2 

280,000 

0  ... 

2 

280,000 

0  ... 

1 

140,000 

o ... 

amounts  of  hearing  loss  would  still  occur 
as  a  result  of  an  85  dBA  exposure  level, 
EPA  believes  that  the  demonstrated  dif¬ 
ferences  between  NIPTS  resulting  from 
exposure  to  85  dBA  as  opposed  to  90  dBA 
are  so  significant  as  to  warrant  reduc¬ 
tion  to  the  85  dBA  level.  This  significance 
becomes  more  profound  when  one  con¬ 
siders  that  the  hearing  of  8  million 
workers  is  involved. 

2.  Hearing  risk.  Since  the  effects  of 
occupational  noise  on  hearing  are  often 
stated  in  terms  of  damage  risk  or  hear¬ 
ing  risk  figures,  it  would  be  useful  to 
examine  percentages  of  the  population  at 
risk  for  various  exposure  levels.  The  word 
“risk’'  for  these  purposes  is  defined  as  the 
percentage  of  noise  exposed  population 
with  a  given  amount  of  hearing  impair - 


for  the  percentage  of  people  who  would 
“normally”  incur  such  losses  from  other 
causes  in  the  absence  of  noise.  Criteria 
published  by  the  International  Organiza¬ 
tion  for  Standardization  (ISO),*  EPA,* 
and  NIOSH,7  are  fairly  similar.  These 
criteria  shown  in  Table  V,  are  based  on 
8-hour  exposures,  5  days  per  week  for  up 
to  40  years.  They  show  percentages  of 
people  who  will  have  hearing  losses  that 
exceed  25  dB*  at  the  average  audio- 
metric  frequencies  of  500  Hz,  1000  Hz 
and  2000  Hz.  It  can  be  seen  that  sub¬ 
stantial  portions  of  the  exposed  popula¬ 
tion  will  incur  such  a  hearing  impair¬ 
ment  at  90  dBA,  approximately  half  as 
many  will  incur  these  impairments  at  85 
dBA,  and  the  risk  is  quite  small  at  80 
dBA. 


Table  V .—Percentage  of  the  population  at  risk  (exceeding 
96  dB  hearing  loss)  as  a  result  of  various  noise  exposure  levels 


Item 

Noise 

exposure 

level 

(dBA) 

Risk 

(percent) 

a.  Averaged  frequencies  560  Hi, 
1000  Hz,  and  2000  Hz: 

ISO . 

90 

21 

85 

10 

80 

0 

EPA . . - 

90 

22.3 

85 

12 

80 

5 

NIOSH . xs 

90 

29 

85 

15 

80 

3 

b.  Hearing  risk  for  4000  Hi: 

• 

BAUOHN . .x 

90 

52 

85 

30 

80 

6 

These  risk  figures,  however,  do  not 
take  into  account  hearing  losses  above 
the  2000  Hz  frequency.  As  mentioned 
earlier,  human  response  to  the  high  fre¬ 
quencies  is  more  vulnerable  to  the  ad¬ 
verse  effects  of  noise,  and  is  Important  to 
the  understanding  of  speech  in  lifelike 
conditions.  In  order  to  compare  the  risk 
values  for  the  mid-frequencies  with  those 
for  a  higher  frequency,  risk  figures  for 
4000  Hz  are  shown.  These  figures  were 
taken  from  Baughn’s  data,*  whose  risk 
figures  for  the  averaged  mid-frequencies 
were  used  in  the  calculations  of  EPA’s 
and  ISO’s  risk  values.  The  same  25-dB 
hearing  loss  criterion  is  used.  It  can  be 
seen  that  the  risk  is  considerably  greater 
when  4000  Hz  is  examined,  and  the  dif¬ 
ferences  between  exposure  levels  are  even 
more  noticeable.  While  only  6  percent  of 
the  exposed  population  will  exceed  the  25 
dB  loss  criterion  at  80  dBA,  52  percent 
of  the  population  will  exceed  it  from  ex¬ 
posure  to  90  dBA.  This  is  clearly  an  un¬ 
acceptable  risk. 

Although  the  concept  of  risk  appears  to 
be  a  fairly  straightforward  way  of  exam¬ 
ining  the  effects  of  noise  on  hearing, 
there  are  a  number  of  reasons  why  EPA 
is  reluctant  to  use  it  as  the  only  meas¬ 
ure.  First,  risk  figures  say  nothing  about 
the  shape  of  the  distribution.  Individ¬ 
uals  could  cluster  around  the  area  of  26 
dB  loss  or  they  could  be  scattered  widely 
up  to  50  or  60  dB.  Also  risk  figures  say 
nothing  about  hearing  losses  that  ap¬ 
proach,  but  do  not  exceed  the  criterion  in 


See  footnotes  at  end  of  document. 


ment  after  subtractions  have  been  made  question  (in  this  case  25  dB) .  In  other 
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words,  risk  figures  may  provide  informa¬ 
tion  on  people  whose  hearing  goes  from 
fair  to  had,  but  not  on  those  whose  hear¬ 
ing  goes  from  excellent  to  fair  as  a  re¬ 
sult  of  noise  exposure.  In  addition,  the 
percentage  of  risk  will  vary  according  to 
certain  parameters  such  as  the  age  and 
years  of  exposure  of  the  exposed  popula¬ 
tion  and  the  presence  and  degree  of 
otologic  screening.7  For  these  reasons, 
EPA  believes  that  NIPTS,  the  actual 
amount  of  threshold  shift  due  to  noise 
exposure  after  correction  for  presbycusis, 
is  a  more  appropriate  descriptor  of  the 
effects  of  noise  on  hearing.  While  these 
values  may  appear  to  be  less  dramatic, 
they  are  less  susceptible  to  bias  and  In 
the  long  run,  more  meaningful. 

3.  Other  health  factors  not  considered. 
There  are  certain  adverse  effects  of 
noise  that  apparently  have  not  even 
been  discussed  in  the  formulation  of  the 
standard.  These  are  the  non-auditory 
physiological  effects  of  noise,  and  the 
effects  on  communication  and  job  per¬ 
formance.  While  some  of  these  effects  are 
difficult  to  Quantify,  they  should  be 
taken  into  consideration  as  a  noise  ex¬ 
posure  standard  is  developed,  and  where 
appropriate,  they  should  encourage  a 
more  conservative  approach  to  the  set¬ 
ting  of  exposure  limits.  This  is  especially 
important  in  view  of  the  fact  that  the 
proposed  standard  does  not  afford  full 
protection  against  hearing  loss.  The 
Preamble  states  that  “OSHA  recognizes 
that  comparatively  more  workers  will  be 
at  lower  risk  at  85  dBA  than  at  90  dBA,” 
but  there  is  no  consideration  of  long- 
range  goals. 

There  is  ample  evidence  that  cardio¬ 
vascular,  endocrine  and  neurological 
changes  do  occur  as  a  result  of  noise  ex¬ 
posure.1  *  “"**  Whether  or  not  these 
changes  are  harmful  when  experienced 
over  a  lifetime  is  still  a  subject  of  ques¬ 
tion  for  American  researchers.  Various 
European  and  Soviet  studies,  as  well  as 
some  American  studies,  have  indicated 
that  high  noise  levels  can  produce  signif¬ 
icant  non-auditory  physiological  effects 
in  humans.*4-*  With  specific  reference  to 
industrial  noise,  NIOSH 7  states  that: 

The  fact  that  those  who  weak  In  high  noise 
levels  show  greater  medical  difficulties  than 
those  who  work  under  quieter  conditions  Is 
not  conclusive  evidence  that  noise  is  the 
crucial  causal  factor,  in  each  case,  It  Is  pos¬ 
sible  that  the  differences  in  the  specified 
health  parameters  may  be  explained  toy  other 
factors  such  as  age,  other  environmental  con¬ 
taminants,  workload  and  job  habits. 

However,  the  fact  that  such  evidence 
does  occur,  even  though  It  is  not  as  con¬ 
clusive  as  the  auditory  evidence,  is  rea¬ 
son  to  approach  the  standard-setting 
process  with  extra  caution. 

NIOSH  concludes  the  discussion  by 
saying  that  the  “*  *  *  noise  limits 
designed  to  provide  hearing  protection 
should  also  reduce  the  possibility  of  any 
extra-auditory  health  disturbance.” 7 
Here  it  should  be  remembered  that 
NIOSH  referred  to  the  85  rather  than 
the  90  dBA  level.  Such  a  statement  can 
be  still  more  safely  made  with  reference 
to  EPA’s  identified  levels  of  7(1-75  dBA. 
See  footnotes  at  end  of  document. 


While  the  possibility  of  protection 
against  extra-auditory  effects  may  be 
true  for  moderate  levels  of  noise,  this 
protection  is  less  likely  to  occur  with 
long-term  exposures  to  90  dBA  for  8 
hours,  95  dBA  for  4  hours,  or  100  dBA 
for  2  hours. 

Speech  and  signal  interference  creates 
a  similar  situation.  Varying  amounts  of 
communication  can  occur  at  levels  above 
85  dBA  if  talker  and  listener  move  close 
together  and  very  loud  voice  or  shouting 
Is  used.  However,  speech  communica¬ 
tion  is  almost  impossible  above  100  dBA* 
and  the  audibility  of  warning  shouts  and 
signals  becomes  Increasingly  problem¬ 
atical  at  such  high  background  levels. 
These  hazards  should  be  acknowledged 
and  kept  in  mind  when  setting  8-hour 
exposure  limits,  and  especially  when 
making  decisions  about  a  time-intensity 
tradeoff.  Even  with  an  8-hour  exposure 
limit  of  90  dBA,  adoption  of  a  more 
stringent  time-intensity  tradeoff  than 
the  present  5  dB  rule  would  eliminate  ex¬ 
posure  to  continuous  noise  at  levels  above 
105  dBA.  The  chances  of  masking  warn¬ 
ing  shouts  or  signals,  as  well  as  the 
probability  of  auditory  damage  would  he 
reduced  accordingly. 

The  effects  of  noise  on  job  performance 
are  more  difficult  to  quantify  than  the 
effects  on  speech  and  signal  interference. 
Continuous  noise  levels  above  90  dBA 
appear  to  have  potentially  detrimental 
effects  on  performance,  depending  on  the 
type  of  task  and  the  individual’s  physio¬ 
logical  and  motivational  state.1  Intermit¬ 
tent  levels  of  less  than  90  dBA  can  be 
detrimental  depending  upon  the  above- 
mentioned  variables,  especially  if  the 
noise  is  unexpected,  uncontrollable  and 
has  predominantly  high  frequency  com¬ 
ponents.*  Although  these  effects  have  not 
been  studied  extensively  in  the  industrial 
situation,  they  should  provide  added  in¬ 
centive  for  adopting  a  conservative  ap¬ 
proach  to  the  setting  of  standards  de¬ 
signed  to  protect  against  other  adverse 
effects. 

B.  TIME-INTENSITY  TRADEOFF 
(SSHA's  Proposal :  5-dB  Rule 
EPA’s  Recommendation:  3-dB  or  “Equal  En¬ 
ergy”  Rule 

The  question  of  the  allowable  increase 
in  exposure  levels  with  decrease  of  ex¬ 
posure  time  (time  intensity  tradeoff)  Is 
an  issue  that  Is  as  Important  as  the  8- 
hour  exposure  level  for  the  conservation 
of  hearing.  EPA  believes  that  OBHA’s  al¬ 
lowable  increase  of  5  dB  for  every  halving 
of  exposure  duration  doe6  not  adequately 
protect  public  health  and  welfare.  It  is 
based  cm  an  over-simplification  of  the 
beneficial  effects  of  lntermittency.  First, 
the  criteria  upon  which  it  is  based  allow 
excessive  amounts  of  threshold  shift  in 
the  exposed  population.  In  addition,  the 
criteria  require  evenly  spaced  quiet  inter¬ 
vals  of  specific  duration  in  which  to  re¬ 
cover  from  temporary  threshold  shift 
(ITS).  Such  precise  temporal  distribu¬ 
tions  are  not  characteristic  of  the  indus¬ 
trial  environment.  Hie  typical  sound 
levels  during  intermittencies  in  most  in¬ 
dustrial  conditions  are  not  sufficiently 
low  to  permit  adequate  recovery  from 


TT6.  It  is  generally  agreed  that  persist - 
•ent  TTSs  will  eventually  result  In  com¬ 
parable  permanent  threshold  shifts.*0'* 

It  is  true  that  interrupted  noise  in  some 
Instances  causes  less  damage  to  the  hear¬ 
ing  mechanism  than  an  equivalent 
amount  of  continuous  noise.**-  *  For  this 
reason,  EPA  increased  by  5  dB  the  level 
of  environmental  noise  identified  as  re¬ 
quired  to  protect  against  hearing  loss.* 
(This  correction  is  distinct  from  a  time- 
intensity  tradeoff.)  During  the  periods  of 
Interruption,  the  ear  is  able  to  achieve 
some  amount  of  recovery  from  ITS. 
However,  the  amount  of  recovery 
achieved  is  highly  dependent  upon  the 
duration  and  level  of  the  noise,  the 
amount  of  time  between  exposures  and 
the  sound  level  during  the  quiet  period. 
While  long  periods  of  relative  quiet  are 
characteristic  of  most  environmental 
noise,  they  are  not  common  to  industrial 
noise. 

Hie  5  dB  rule  is  theoretically  based  on 
damage-risk  criteria  developed  by  Work¬ 
ing  Group  #46  of  the  Committee  on 
Hearing,  Bioacoustics  and  Biomechanics 
of  the  National  Academy  of  Science — 
National  Research  Council  (CHABA).** 
These  criteria,  derived  from  data  on 
TTS,  specify  tolerable  levels  and  dura¬ 
tions  of  noise  for  1 -octave  and  1/3-octave 
bands  for  a  range  of  approximately  85  dB 
to  135  dB.  They  allow  higher  levels  of 
noise  as  the  durations  become  shorter 
and  recovery  periods  become  longer.  Ad¬ 
herence  to  the  CHABA  criteria  should 
produce  TTS  after  2  minutes  or  NIPTS 
after  40  years  of  exposure  no  greater  than 
the  losses  displayed  In  Table  VL  EPA 
believes  that  these  are  excessive  amounts 
of  allowable  threshold  shift  from  noise 
exposure.  Moreover,  research  has  indi¬ 
cated  that  observed  amounts  of  TTS  can 
be  considerably  higher  than  those  pre¬ 
dicted  by  the  CHABA  criteria." 

Table  VI.— Estimate*  NIPTS  according  to  damage-ritk 
criteria  propoted  by  CHABA  working  group  No.  Jfi 


Median 

90th 

Test  frequency  (herti) 

(decibel) 

percentile 

(decibel) 

innn  _ . 

10 

30 

2000 . 

15 

45 

3000 . 

20 

to 

The  CHABA  criteria  were  later  sim¬ 
plified  to  apply  to  the  industrial  situa¬ 
tion  by  consolidating  the  and  1- 
octave  band  long-  and  shortburst  inter¬ 
mittent  contours  into  one  scheme 
combining  dBA  level,  total  on-time  and 
number  of  exposure  cycles."  A  time- 
intensity  tradeoff  was  selected  that 
seemed  to  characterize  a  situation  with 
5  to  7  interruptions  per  day,  namely,  a 
5  dB  tradeoff.  The  validity  of  even  the 
simplified  method  rests  on  the  require¬ 
ments  that  the  exposure  cycles  are 
evenly  distributed  and  the  5  to  7  Inter¬ 
ruptions  are  long  enough  to  permit  the 
necessary  amount  of  recovery  from  TTS. 
However,  as  adopted  by  OSHA,  these 
requirements  have  disappeared.  Thus, 
an  individual  can  be  subjected  to  a  95 
dBA  exposure  level  distributed  in  any 
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temporal  pattern  throughout  the  day, 
or  even  continuously,  so  long  as  a  four- 
hour  dose  is  not  exceeded.  The  CHABA 
criteria,  even  in  the  simplified  form, 
would  permit  only  80  minutes  of  uninter¬ 
rupted  exposure  to  95  dBA.  A  yet  more 
serious  misinterpretation  occurs  by  al¬ 
lowing  a  solid  15  minutes  of  exposure  to 
115  dBA.  At  this  level,  the  CHABA  cri¬ 
teria  permit  only  about  3*4  minutes  of 
uninterrupted  exposure. 

In  addition  to  the  regularity  and 
duration  of  the  interruptions,  the  noise 
level  of  the  quiet  period  contributes  to 
the  amount  of  recovery  that  can  take 
place.  Significantly  greater  amounts  of 
TTS  were  found  for  equivalent  exposures 
to  103  dBA  when  the  sound  level  during 
the  quiet  intervals  was  77  dBA  than 
when  it  was  40  dBA."  Significant  dif¬ 
ferences  also  appeared  between  quiet  in¬ 
tervals  of  67  dBA  and  57  dBA."  This 
kind  of  evidence  has  prompted  EPA  to 
identify  a  level  of  60  dBA  as  a  quiet  re¬ 
quirement  in  order  to  permit  complete 
recovery  from  8-hour  work-day  ex¬ 
posures  no  higher  than  75  dBA.*  NIOSH 
has  identified  a  level  of  65  dBA  as  meet¬ 
ing  the  requirements  of  a  true  “off- 
level.”  T  Both  figures  are  considerably 
more  conservative  than  the  84  dBA  level 
implicit  in  the  proposed  standard  since 
levels  below  85  dBA  are  not  included  in 
the  calculation  of  the  daily  dose.  It  has 
been  suggested  that  sufficiently  low 
sound  levels  can  heighten  the  effective¬ 
ness  of  interruptions  and  facilitate  re¬ 
covery  that  otherwise  would  not  occur." 
This  hypothesis  could  very  well  explain 
the  advantages  attributed  to  intermit - 
tency  in  the  laboratory  and  in  occupa¬ 
tions  such  as  forestry  and  some  kinds  of 
mining  where  the  background  noise  level 
is  fairly  low.  Obviously,  there  is  quite  a 
differences  between  a  remote  mountain 
top  and  a  typical  production  factory. 

It  is  generally  agreed  that  the  noise  in 
production  industries  is  fairly  continuous 
or  steady-state  in  nature  and  that  it  is 
not  intermittent,  i.e.,  interrupted  by 
periods  of  subjective  silence  *  or  by  noise 
levels  below  55  dBA  *  to  65  dBA  7  depend¬ 
ing  on  the  definition  of  intermittency. 
OSHA’s  draft  Environmental  Impact 
Statement"  maintains  that  “most  in¬ 
dustrial  operations  emit  steady-state 
sounds.”  For  this  type  of  noise  there  is 
widespread  agreement  that  the  “equal 
energy”  rule  holds  true,  that  is  that 
equal  amounts  of  sound  energy  will 
cause  equal  amounts  of  hearing  loss  re¬ 
gardless  of  how  the  energy  is  distributed 
in  time.  This  rule  allows  a  3  dB  increase 
in  exposure  level  with  each  halving  of 
exposure  duration,  rather  than  the  5  dB 
increase  permitted  by  OSHA.  The  con¬ 
cept  of  equal  energy  is  incorporated  into 
the  ISO  Recommendation  R1999  “As¬ 
sessment  of  Occupational  Noise  Exposure 
for  Hearing  Conservation  Purposes,”" 
it  is  written  into  most  European  stand¬ 
ards  for  occupational  noise, and  it  is 
used  in  modified  form  in  the  U.S.  Army  “ 
and  U.S.  Air  Force 51  standards.  Actually, 
the  Army  has  adopted  a  standard  that 
identifies  any  level  above  85  dBA  as 
See  footnotes  at  end  of  document. 


potentially  hazardous,  regardless  of 
duration  (i.e.,  a  more  conservative  ap¬ 
proach  than  the  3  dB  tradeoff) .  The  Air 
Force,  although  it  previously  used  the 
equal  energy  rule,"  has  adopted  a  4  dB 
tradeoff.51  presumably  as  a  compromise 
between  the  equal  energy  rule  and  the 
present  OSHA  method.  The  equal  energy 
rule  is  incorporated  into  the  method¬ 
ology  by  -which  EPA  has  identified  safe 
levels  of  environmental  noise*  Accord¬ 
ing  to  the  EPA/AMRL  criteria*  the 
equal  energy  rule  “is  probably  the  best 
available  method  of  predicting  the  effect 
of  noise  on  hearing  in  the  case  of  con¬ 
tinuous  noise  of  which  the  level  fluctu¬ 
ates  slowly  (seconds  to  hours)  during 
the  workday,”  and  its  application  to 
these  noise  conditions  is  advocated  by 
most  contemporary  researchers. 57 
Experimental  support  has  been  given  to 
its  application  to  intermittent  noise  ”  "  “ 
and  there  is  a  growing  tendency  to  ap¬ 
ply  the  rule  to  impulsive  noise  as 
well*54"  (see  Appendices  C  and  G  of 
EPA’s  “Noise  Levels  Document”).  The 
English  Code  of  Practice"  extends  the 
equal  energy  rule  from  completely 
steady -state  noise  to  short-duration  im¬ 
pulses  as  high  as  150  dB.  There  is  no 
doubt  that  the  equal  energy  rule  is  sim¬ 
pler,  and  it  is  more  practical  to  use  since 
OSHA’s  5  dB  time-intensity  tradeoff 
imposes  limits  of  115  dBA  on  continuous 
noise  and  140  dB  on  impulsive  noise. 

An  additional  point  that  may  have  very 
serious  implications  for  noise  control  is 
the  fact  that  noise  exposure  can  produce 
structural  damage  to  the  ear  that  is  not 
demonstrated  by  behavioral  audiom¬ 
etry.*7  A  scheme  such  as  the  CHABA 
method,  which  is  based  on  the  growth 
and  recovery  of  TTS,  neglects  the  possi¬ 
bility  that  anatomical  damage  may  occur 
even  though  it  is  not  detected  by  ordinary 
methods.  Thus,  damage  risk  criteria  that 
appear  to  be  safe  as  measured  by  TTS 
and  subsequent  recovery  may  fail  to  pro¬ 
tect  individuals  from  physiological  dam¬ 
age  that  might  become  apparent  after 
years  of  exposure. 

For  the  above  reasons,  a  5-dB  time- 
intensity  tradeoff  is  not  appropriate  to 
the  industrial  environment.  Employing  it 
would  not  protect  public  health  and  wel¬ 
fare  to  the  extent  required.  It  would 
allow  excessive  amounts  of  NIPTS,  par¬ 
ticularly  in  the  more  susceptible  members 
of  the  exposed  population  (see  Table  VI) , 
even  if  the  CHABA-recommended  inter¬ 
mittency  patterns  were  adhered  to.  As 
the  rule  is  currently  interpreted,  4  hours 
of  continuous  noise  at  95  dBA,  and  like¬ 
wise  2  hours  of  continuous  noise  at  100 
dBA  and  15  minutes  at  115  dBA  are  al¬ 
lowable,  with  the  resulting  amounts  of 
hearing  loss  potentially  much  greater 
than  those  predicted  by  the  CHABA  cri¬ 
teria.  These  points  are  among  the  many 
reasons  to  severely  restrict  exposure  to 
noise  levels  as  high  as  110  dBA  and  115 
dBA,  and  to  apply  the  more  conservative 
equal  energy  rule  to  industrial  noise 
exposures. 

HI.  Feasibility.  Technology  and  Cost 
To  fill  the  gap  in  data,  which  was 
pointed  to  in  the  NIOSH  criteria  docu¬ 


ment,  the  Department  of  Labor  commis¬ 
sioned  Bolt,  Beranek,  and  Newman  to 
study  the  cost  and  technology  of  quieting 
industry  to  levels  of  90  dBA  and  85  dBA. 

As  that  study  showed,  the  same  tech¬ 
nology  that  is  available  today  to  achieve 
a  level  of  exposure  to  90  dBA  for  92  per¬ 
cent  of  the  workforce  can  also  be  applied 
to  achieve  a  level  of  85  dBA  for  the  same 
number  of  workers,  and  that  technology 
can  be  adequately  supplied  by  the  noise 
control  industry.  The  cost  of  achieving 
the  85  dBA  level  is,  of  course,  greater. 
However,  EPA  believes  that  many  of 
BBN’s  estimates  ($13.5  billion  for  90  dBA, 
$18.1  billion  more  for  85  dBA)  are  too 
high.  BBN’s  report  (because  of  the  short 
time  given  for  it)  includes  cost  data 
based  wholly  or  in  part  on  extrapolations 
from  individual  plants  to  whole  indus¬ 
tries,  and  from  smaller  industries  to  very 
large  industries,  which  could  also  pro¬ 
duce  questionable  figures.  An  example 
is  the  use  of  relative  gross  annual  value 
of  production  to  compare  lumber  finish¬ 
ing  operations  with  saw  mills,  where  the 
control  requirements  are  not  directly 
similar.  In  addition,  it  appears  that  esti¬ 
mates  were  not  based  on  least  cost 
methodology."  The  final  cost  estimates 
do  not  take  into  account  the  combined 
use  of  administrative  and  engineering 
controls  as  allowed  by  the  proposed 
standard,  nor  do  they  include  the  possi¬ 
bility  of  using  in-house  labor  to  achieve 
noise  reduction. 

Also,  the  estimates  of  economic  impact 
do  not  consider  as  an  offsetting  savings 
the  beneficial  effect  of  new,  quieter  ma¬ 
chinery  on  capital  and  labor  productivity. 
Furthermore,  alternatives  such  as  those 
indicated  in  Part  IV  of  this  document  can 
also  favorably  alter  the  cost  impact.  For 
these  kinds  of  reasons,  EPA  suggested 
that  a  more  thorough  study  of  costs  and 
benefits  should  be  performed. 

Even  assuming,  however,  that  these 
figures  are  correct,  EPA  believes  that,  in 
view  of  the  need  to  reduce  the  standard 
ultimately  to  75  dBA  in  order  to  protect 
the  population  adequately,  requiring 
compliance  with  an  85  dBA  standard 
within  three  years  is  a  reasonable  first 
step.  The  added  protection  is  commen¬ 
surate  with  even  the  BBN  calculations 
of  added  cost.  As  shown  in  Tables  m  and 
IV,  8,120,000  more  workers  are  protected 
at  85  dBA  than  at  90  dBA. 

IV.  Suggested  Alternatives 

EPA  recognizes  that,  in  the  final  anal¬ 
ysis,  it  is  OSHA  that  must  perform  the 
balancing  of  the  cost,  technology  and 
health  and  welfare  considerations.  We 
believe,  however,  that  for  the  reasons 
discussed  above,  the  standards  proposed 
and  the  justification  given  by  OSHA  fall 
short  of  protecting  the  health  and  wel¬ 
fare  of  workers  to  the  extent  required  or 
to  the  extent  that  these  values  could 
feasibly  be  protected.  Accordingly,  EPA 
is  asking  that  OSHA  address  in  detail 
the  specific  points  discussed  above.  If 
after  doing  so,  the  Secretary  determines 
that  an  85-dBA  standard  (and  3  dB 
time-intensity  tradeoff)  applicable  to  all 
industries  after  three  years  is  not  justi¬ 
fied,  the  following  regulatory  alternatives 
should  be  considered.  Because  each  of 
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these  approaches  has  been  previously 
suggested  to  OSHA,  and  all  have  been 
rejected  without  explanation,  the  Ad¬ 
ministrator  requests  that  the  detailed 
response  to  this  notice  include  a  detailed 
discussion  of  the  Secretary’s  findings  as 
to  whether  any  one  or  a  combination  of 
these  approaches  could  feasibly  be  em¬ 
ployed  to  more  adequately  protect  the 
public  health  and  welfare. 

In  considering  alternatives,  EPA  would 
urge  OSHA  not  to  abandon  its  position 
that  the  use  of  hearing  protectors  and 
audiometric  monitoring  are  merely  sup¬ 
plementary  measures.  EPA  approves  of 
OSHA’s  inclusion  of  hearing  conserva¬ 
tion  measures  as  an  Integral  part  of  an 
occupational  noise  control  program.  EPA 
concurs  with  the  approach  traditionally 
held  by  OSHA  that  ear  protective  devices 
should  be  used  as  interim  measures  un¬ 
til  such  time  as  engineering  or  adminis¬ 
trative  controls  can  reduce  noise  expo¬ 
sure  to  safe  levels.  However,  since  ear 
protective  devices  are  often  improperly 
used  or  not  used,  EPA  does  not  view 
such  devices  as  a  viable  alternative  to 
noise  reduction  at  the  source  or  the  use 
of  administrative  controls.  Moreover, 
there  exist  with  the  use  of  such  devices, 
as  with  many  other  personal  protective 
Items,  possible  risks  of  increased  safety 
hazards. 

EPA  believes  that  audiometric  moni¬ 
toring  can  be  a  valuable  diagnostic  tool, 
but  it  will  not  detect  “any  changes  in 
hearing,”  and  consequently  prevent  sig¬ 
nificant  threshold  shift  as  OSHA  has 
stated  In  Its  preamble.  Normal  variabil¬ 
ity  among  subjects,  audiometers  and 
technicians  will  reduce  the  probability  of 
detecting  hearing  losses  before  they  be¬ 
come  significant.  Moreover,  OSHA’s  defi¬ 
nition  of  significant  threshold  shift  would 
conceivably  allow  threshold  shifts  of  up 
to  35  dB  at  a  single  frequency  before  the 
worker  is  appraised  of  his  hearing  loss. 
Even  at  that  point,  there  are  no  remedial 
steps  specified  except  for  retraining  in 
the  use  of  ear  protection.  For  these 
reasons,  EPA  concurs  with  OSHA  that 
hearing  protection  devices  and  audio¬ 
metric  testing  alone  cannot  be  considered 
as  an  alternative  method  of  achieving 
noise  reduction. 

1.  Industry-by-industry  standards. 
Bolt,  Beranek  and  Newman  pointed  out 
in  its  feasibility  study  that  a  small  por¬ 
tion  of  the  American  production  indus¬ 
tries  is  presently,  unable  to  comply  with 
a  90-dBA  8-hour  exposure  standard  with 
existing  noise  control  technology*  In  ad¬ 
dition,  some  Industries  will  experience 
the  economic  impact  of  compliance  much 
more  severely  than  others.  Presumably 
for  these  reasons  OSHA  has  chosen  to 
issue  extended  compliance  intervals  for 
certain  Industries.  Such  an  agreement  is 
currently  in  effect  with  the  American 
Can  Company  and  EPA  understands  that 
agreements  with  other  large  companies 
are  being  negotiated.  In  addition,  a  mul¬ 
titude  of  abatement  extensions  are  cur- 
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rently  being  granted  cm  the  local  level. 

By  granting  different  extensions  to  dif¬ 
ferent  Industries  OSHA  has  shown  that 
industry  -by-industry  standards  are  ad¬ 
ministratively  feasible,  and  in  a  sense, 
axe  being  practiced.  Setting  a  more  strin¬ 
gent  goal  for  all  industries  and  then  al¬ 
lowing  different  compliance  schedules  for 
different  industries  would  be  one  method 
of  approaching  the  problem.  This  method 
could  have  the  advantage  of  immediate 
reductions  to  noise  levels  well  below  90 
dBA  wherever  such  reductions  are  feasi¬ 
ble.  Reductions  in  some  cases  to  levels 
as  low  as  75  dBA,  would  preclude  even 
small  amounts  of  threshold  shift  in  most 
of  the  exposed  population,  and  would 
greatly  reduce  the  potential  hazard  of 
non- auditory  effects. 

2.  Incremental  reductions.  This  alter¬ 
native  is  a  variation  of  the  plan  men¬ 
tioned  above,  where  all  industries  would 
be  required  to  comply  with  a  certain  ex¬ 
posure  level  within,  for  example,  5  years, 
and  another  level  in  another  5  years  and 
so  on  until  a  truly  safe  level  is  achieved. 

It  would  be  less  complicated  to  adminis¬ 
ter  than  the  industry-by-lndustry  plan, 
but  would  not  provide  such  immediate 
protection  for  workers  employed  In  in¬ 
dustries  where  abatement  to  low  noise 
levels  is  readily  achievable.  In  earlier 
drafts  of  OfiHA’s  noise  standard  (Work¬ 
ing  Drafts  I  and  II),  reduction  to  85 
dBA  in  5  years  was  specified.  That  pro¬ 
vision  has  since  been  deleted.  EPA 
strongly  recommends  that  either  the  5- 
year,  or  better,  the  3-year  provision  be 
reinserted  with  serious  consideration 
given  to  reducing  to  80  dBA  after  another 
subsequent  period. 

3.  Stringent  standard  with  variance 
provisions.  This  alternative  Involves 
setting  more  stringent  industry-wide 
standards,  and  allowing  temporary  vari¬ 
ances  for  Individual  companies  that  are 
economically  or  technologically  unable 
to  comply.  The  agreement  with  the 
American  Can  Company  has  set  clear 
precedent  for  the  use  of  variances,  even 
though  the  word  “variance”  has  not  been 
attributed  to  the  agreement.  The  concept 
should  be  considered  not  only  In  terms 
of  the  present  90-dBA  standard,  but  with 
respect  to  levels  of  85  dBA  and  eventually 
to  80  dBA.  It  should,  naturally,  be  viewed 
in  terms  of  longer  compliance  periods 
for  the  lower  levels,  and  for  the  com¬ 
panies  that  would  experience  the  greatest 
economic  and  technical  difficulties. 

4.  Lower  levels  for  new  plants.  NIOSH 
has  recommended  that  new  plants  be  de¬ 
signed  to  meet  an  85-dBA  standard.  This 
should  be  technologically  feasible  for 
nearly  all  industries,  and  the  economic 
burden  would  be  smaller  than  it  would 
be  for  reducing  exposures  in  existing 
plants.  Requiring  more  stringent  stand¬ 
ards  for  new  plants  would  stimulate  the 
development  of  cost  effective  noise  abate¬ 
ment  technology  and  It  would  ease  the 


burden  of  noise  abatement  requirements 
in  the  future. 

Dated:  December  6, 1974. 

Russell  Train, 
Administrator, 

Environmental  Protection  Agency. 
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